The efficient utilization of plant resources is a necessary and important measure for sustainable management of constructed wetlands. Screening bioactive metabolites from wetland plants could reveal potential solutions for the utilization of constructed wetland plant resources. In this study, the constructed wetland macrophyte Nymphoides peltata was screened for constituents with antitumor activity. The secondary metabolites of N. peltata were extracted and separated by MCI gel, silica gel, and Sephadex gel column chromatography. Antitumor tests were then carried out with MTT assay against the human prostate cancer cell PC3 and the human osteosarcoma cell U2OS. The secondary metabolite group with the most significant antitumor activity was further examined, and four constituents were obtained and identified. This study provides a scientific basis for the potential efficient utilization of N. peltata and other constructed wetland plant resources.
Nymphoides peltata (Gmel.) O. kuntze, is a clonal floating leaved plant belongs to Menyanthacea that has been found throughout continental Eurasia in temperate and subtropical zones [1] . N. peltata is edible, and often used in Traditional Chinese Medicine (TCM). According to previous research, N. peltata communities can control algal blooms by inhibiting the growth of Microcystis aeruginosa [2] and can absorb heavy metal ions and organic pollutants from wastewater [3] . For these reasons, N. peltata is selected as the main floating plant in many constructed wetlands in Northern China.
Phytoremediation in constructed wetlands is a cost-effective, complementary technology for engineering-based remediation methods that has gained acceptance in the past few decades [4] . For the effective removal of pollutants, plants in constructed wetlands should be harvested at the end of each vegetative cycle to avoid secondary pollution from plant decomposition [5] [6] . Reprocessing of large-scale harvesting is a considerable challenge. Traditional technology for the utilization of wetland plant resources, such as paper production and the feedstuff industry, has disadvantages like high cost and low commercial value. Thus, this method limits the sustainable operation of constructed wetlands.
Cancer is a major disease with a high mortality rate worldwide, the World Health Organization data indicated that more than six million new cancer cases are reported every year. Natural products are the source of most anticancer drug active ingredients [7] . According to current literature, more than 40% of all anticancer drugs are natural products or are derived from natural products with semi-synthetic modifications [8] . More than 1000 plants have been found to possess significant anticancer properties [9] . For example, taxol, an outstanding agent, has been found beneficial for the treatment of refractory ovarian, breast, and other cancers [10] . Given the abundance and variety of plant resources, there is great potential in finding new anticancer natural products. Thus, screening and utilizing the bioactivities of constructed wetlands' massive plant biomass could result in potential approaches for efficient utilization of constructed wetland plant resources. However, the relevant study in this field is rarely reported.
For this study, with the purpose to find the constituents with antitumor effect, the antitumor test was performed on secondary metabolites extracted from N. peltata. The secondary metabolites with the most significant antitumor activity were screened and four constituents were obtained and identified. Thus, this study may provide scientific basis for the potential health benefit of N. peltata and propose implications for the sustainable management of constructed wetlands. The HPLC spectra of the five groups of N. peltata extracts were analyzed. The results showed that the signal peak with the largest sum area of the 90% and 70% H 2 O-MeOH groups had the same retention time (RT). This indicates that the main compounds in these two groups were the same. Using a C18 reverse-phase column, the RTs are inversely proportional to the polarity of the substances. In these two groups, the RT distribution of the main signal peaks was observed in a time span of 2 to 20 min. This suggests that the main constituents of these two groups were watersoluble compounds with high polarity. Based on the HPLC spectrum, these two groups were merged as Sample 1 for the MTT test. The 50% H 2 O-MeOH group had six main signal peaks, with RTs of 10 to 32 min. The 30% H 2 O-MeOH phase had 12 main signal peaks, with RTs of 8 to 35 min. According to the spectral data, all six signal peaks of the 50% phase had a matching signal peak in the 70% phase. Therefore, these two groups were merged for the MTT test as Sample 2.
The 10% H 2 O-MeOH group had sixteen main signal peaks, with RTs from 7 to 51 min, which indicated that the main constituents were water-insoluble compounds with low to moderate polarity. This group was set as Sample 3 for the MTT assay. Compared with the compounds that were found in Sample 1, the compounds in Sample 3 were not very soluble in water, and their purification procedures were less complicated. Thus, these compounds are ideal targets in the utilization of natural product resources of wetland floating plants.
The tumor cell lines PC3 and U2OS were treated with three samples at different concentrations. Sample 3 exhibited a significant inhibition effect against PC3 cells (Figure 1-a) . The inhibition rates at 50, 100, and 200 µg/mL all surpassed 80%. The inhibition rates of Samples 1 and 2 increased in a small range as concentrations increased. These results suggest that Samples 1 and 2 had no significant inhibitory effect against the PC3 cell line. Sample 3 had a significant inhibitory effect against the PC3 cell line in a concentration-dependent manner.
The inhibition rate-changing trend of the three samples against the tumor cell line U2OS was different from that of PC3. Figure 1-b shows that the inhibitory effects of Samples 1 and 2 were both lower than 50%. The inhibition rate of Sample 3 at 25 and 50 µg/mL was low and had a dramatic increase as the concentration was increased from 100 µg/mL to 200 µg/mL. These results suggest that the U2OS cell-inhibiting compounds were not the main components of Sample 3 and showed significant inhibition effects in a concentration-dependent manner. In summary, the viability of the PC3 and U2OS cell lines exposed to Sample 3 decreased linearly with an increase in sample concentrations. The IC 50 values calculated using the linear regression equation are shown in Table 1 . The results showed that the 10% H 2 O-MeOH group of N. peltata extracts had a significant inhibition effect on PC3 and U2OS cell lines in a concentration-dependent manner, and the PC3 cells were more sensitive to the extracts.
To determine further the antitumor effect of the 10% H 2 O-MeOH N. peltata extract, an additional cytotoxic assay of Sample 3 was carried out on tumor cell lines ES-2 and MDA-MB-231; the extract has no significant effect on the two tumor cells ( Figure 2 ), which suggests that the inhibition effect of the 10% H 2 O-MeOH extract on the PC3 and U2OS tumor cells is not based on the general cytotoxicity of the extract, and thus this extract has a selective inhibition effect on certain tumor cell lines.
Based on Q-TOF-MS data combined with the Agilent TCM database, METLIN database, and spectral data of standard compounds, four compounds from the 10% H 2 O-MeOH extract were identified as ephedrine, ephedradine C, 4-hydroxy-coumarin, and delta-1-dehydrotanshinone. According to the literature, these compounds were rarely reported in N. peltata and Nymphoides genus.
Ephedrine and its derivative ephedradine C were classified as organic amines that belong to alkaloids. Ephedrine and its derivatives have been reported previously in many Ephedra species. Ephedrine and its derivatives are known for their variety of bioactivities and are main ingredients of many TCMs [11] .
Coumarins belong to a large family of natural and synthetic benzopyrone compounds that possess different pharmacological effects. In particular, their physiological, bacteriostatic, and antitumor activities make these compounds attractive for screening as novel therapeutic agents [12] . Coumarins and their derivatives are potential inhibitors of cellular proliferation in various tumor cell lines [13] . 4-Hydroxy-coumarin has been proven to inhibit the proliferation of gastric carcinoma cells in vitro [14] .
Previous studies indicate that tanshinones have cytotoxic effect on multiple human cancer cell lines, including those of prostate cancer [15] , human lung adenocarcinoma [16] , human premyelocytic Bioactive constituents of wetland plant Nymphoides peltata Natural Product Communications Vol. 10 (2) 2015 235 leukemia [17] , and human breast cancer [18] . Tanshinones are also used as important raw materials in Chinese herbal medicine for cardiac disease due to their well-known protection of cardiac myocytes [19] [20] .
In the pharmaceutical industry, many synthetic and semisynthetic drugs are structural modifications of existing natural compounds [21] [22] . They are designed to enhance or change the primary effect of the drug and reduce unwanted side effects. Based on the results of this study and previous research, ephedrine, ephedradine C, 4-hydroxycoumarin, and delta-1-dehydrotanshinone are the four main constituents of the active N. peltata extracts and they and their derivatives are widely used in many aspects of medicine. They have the potential to be used in the pharmaceutical industry as raw materials with or without structural modification. At present, the relevant study that focus on bioactivity compounds in engineering phytoremediation plants of constructed wetland are rarely reported. Therefore, for the large-scale utilization of constructed wetland plants, the mechanism of the antitumor effect of N. peltata extract, the screening of compounds with other activities, and pilot experiments to optimize extraction processes need future study.
In this study, the antitumor effects of N. peltata secondary metabolites were evaluated. The major active constituents were identified by HPLC and Q-TOF-MS. This study provided a scientific basis for the potential efficient utilization of the wetland plant N. peltata and presented management implications for the sustainable operation of constructed wetland.
Experimental
Plant materials: N. peltata was collected at the end of its life cycle from the Xinxue River constructed wetland in October, 2013. The constructed wetland is located in the Nansi Lake area, Shandong Province, China (116°34′ to 117°21′ E, 34°27′ to 35°20′ N). The plant samples were then air-dried at room temperature and stored in a freezer at 0°C.
Extraction and separation:
The entire plant was dried using an air desiccator at 50°C and cut into 1 to 2 cm lengths. A sample (500 g) was extracted 3 times with 95% ethanol (5 L) under heating reflux. Each extraction lasted 90 min. The sample was then concentrated in a vacuum. The dry extracts were dissolved in methanol (MeOH), filtered, and mixed with 150 g of silica gel. The extracts were separated by MCI (CHP-20) column chromatography eluting with a H 2 O: MeOH gradient (90%, 70%, 50%, 30%, and 10%). In this procedure, the extracts were grouped by polarity; chlorophyll was removed. The eluent from each solvent mixture was collected, concentrated, and analyzed by high-performance liquid chromatography (HPLC). Based on the HPLC and MTT assay results, the active fraction was selected, and the major constituents obtained by silica gel and Sephadex LH-20 column chromatography, and preparative HPLC.
HPLC analysis:
HPLC analysis was carried out using an Agilent 1100 chromatograph. A total of 100 μL of sample solution was passed through a 0.22 μL filter and injected into the HPLC system coupled with C18 columns (Agela symmetry R4.6 × 250 mm). The mobile phase consisted of methanol (A) and H 2 O (B) with a flow rate of 1 mL/min at 35°C with a gradient from 0% of A to 100% of A in 60 min, with full wavelength detection.
Cell culture:
The human prostate cancer cell line PC3 and the human osteosarcoma cell line U2OS were obtained from the College of Pharmacy at Shandong University. Human ovarian cancer cells ES-2 and human breast cancer cells MDA-MB-231 were obtained from the Shandong Analysis and Test Center.
Cells were cultured in RPMI-1640 medium supplemented with 10% FBS and antibiotics (100 µg/mL penicillin and 100 µg/mL streptomycin). Prior to the drug treatments, cells were cultured with 5% CO 2 for 24 h in an incubator at 37°C.
MTT assay:
The antitumor activity was performed using the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide (MTT) reduction assay. Tumor cells (1 × 10 4 ) were seeded into each well of a 96-well plate in RPMI-1640 supplemented with 10% FBS and incubated overnight at 37°C in 5% CO 2 . Different concentrations (25, 50, 100, 200 µg/mL) of the extract were then added to the triplicate wells. After 48 h of incubation, 5% MTT medium (0.5 mg/mL) was added to each well and incubated for an additional 4 h. The medium was replaced by the stop solution DMSO (150 µL per well), and then the absorbance at 490 nm was measured using an ELISA reader (PerkinElmer Corporation EnSpire, USA). The background and blank controls were performed in parallel. Cytotoxicity was expressed as an inhibition rate and calculated as follows: (A control -A sample ) / (A control − A 0 ) * 100%. Origin 7.5 software was used to analyze the data and to determine the IC 50 value. Assays were repeated at least 3 times.
Quadruple time-of-flight mass spectrometry (Q-TOF-MS) analysis:
Agilent 6250 accurate mass Q-TOF was carried out to obtain mass spectral data. Mass spectrometry was conducted under the following conditions: ESI method; capillary tube voltage, 4.3 kV; cone voltage, 60 V; ion source temperature, 100°C; and solvent removal temperature, 250°C
